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INTRODUCTION 

At the request of the i'lational Defense Research Council, 
calculations have been made to determine the loci of possible 
positions of a heavy boir.ber in space following a 12-second 
interval. The airplane flight paths corresponding to various 
lirriiting maneuvers were calculated to determine the position 
of the airplane at the end of the 12- second time interval. 

The calculations were m:ade for a hypothetical airplane 
having characteristics similar to those of a 3-2l:. airplane. 

PROCEDURE AND ASSUMPTIONS 

Pli.<3ht paths were determined by ste;o-by-.step integration 
for various extreme maneuvers entered from level flight at 
an altitude of 13,000 feet . Entrance speeds of 225 ?^iles per 
hour and 276 miles per hour corresponding to 60 percent and 
100 percent rated powerj respectively, were investigated. 
Except where otherwise specified, the limiting positions of 
the airplane W'ore determined for two power changes that v^ere 
made at the start of the maneuvers. These changes consisted 
of applying full throttle (IO9 percent rated engine power) 
and completely throttling the engines. 



Tne loci of ^ ossible airplane positions were determined 
by calculating the airplane flight paths for the follov/ing 
extreme maneuvers: 

1. Abrupt climbing and diving maneuvers in the vertical 

plane limited by maxim.-'om lift coeflicient or 
maximum permissible normal acceleration. 

2. Climbing and diving maneuvers in the vertical piano 

at fixed fli^,ht path angles. 

5. Level turns limited by maxlm-oiii lift coefficient or 
m.axim.um permilssible norm.al acceleration. 

U. Level turns vdth recovery after various tim_e incre- 
ments • 

5. Full- throttle olim-bing turns v;i th a 60^ angle of bank 

lim.ited by maxim-'..UD lift coefficient or miaximuiTi 
permissible normal ecceleration. 
60 Full- throttle d5 ving turn.s v^ith a yj'^ angle of bank 
limited by maximuin permissible negative normal 
acceleration. 

7. Diving turns consisting of straight dives for J 

seconds followed Dy turns -with vertical bank liirited 
by maximum oermisible normal ^acceleration. 

6. Turns with vertical bank lim.ited by miaxim^oiri lift coef- 

fici^^nt or m.aximiuiu permissible normial acceleration. 



The ass'orfied oharacterlwstics of the airplane investi- 
gated are listed, below: {The v^ing area, enj;ine power, gross 
weikht, and limiting accelerations were taken j?rom speci- 
fications of the 3-2/Ll airplane.) 

1. v;ing area: lOkG square feet 

2. ^ross weight: 50,000 pounds 

3. Power: four engines, noriiial rating 1100 horsepower 

each 

Ii. ^'aximuin lift coefficient: 
pov/er off 1,5 
full throttle 1. 5 
5» Maximum rolling velocity: 

For the maneuvers involving roll, the rates of 
roll were determined on the basis of a wing -tip 
helix angle of 0,08 radian at 225 miles per hour. 
For higher speeds, the rate of roll was assumed to 
drop off inversely with increase in speed because of 
increased stick forces. 
6, Profile-drag coefficient: O.O525 
7« ■■'aximum allowable no rm:al acceleration: 3g, -Ig 
o. Power absorbed by each windm.iliing propeller: 
60 horsepov;er (reference 1) 

The variations of norm.al acceleration and 
rolling velocity with time used in calculating the 
rate of entry into the various ir.aneuvers were 



estimated from available flight test data shov/ing 
response of airplanes to abrupt control manipulations. 
RESULTS AND DTSCUSSION 

The results of the cr.lculations are presented as plots 
of the flight paths and as side views and horizontal sections 
of the loci. Fi>;;,ures 1 through 5 shov; the results obtained 
for the 6G-percent povo'er entrance condition. Figures 6 
through 10 show the results ootained for the 100-percent 
pov/er entrance condition. 

Figures 1 through L\. and 6 through 9 shov/ plots of the 
calculated flight paths for all the maneuvers investigated. 
The points shown on these paths represent the positions of the 
airplane at 1-second intervals. The locus of airplane positions 
for any period of time less than 12. seconds can be detennined 
by fairing the points corresponding to a given tim^e. 

Figure 5 shows the side view and horizontal sections of 
the calculated locus for the 60-porcent entrance power con- 
dition. Figure 10 shovv-s the side view and horizontal sections 
of the calculated locus for the 100-percent entrance pov/er 
condi tion. 

It m.ay be noted that the locus of ?.irplane positions for 
either the 60-percent or lOO-percent power entrance condition 
is bo^anded by two curved surfaces '-/itx^. their concave sides 
facing the initial oosition of the airplane. The inner sur- 
face is determined by engine- throttled maneuvers and the 
outer surface by full- thro t tie maneuvers. The distance 
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bstv/een these tv/o surfaces is relatively small and averages 
about ylO feet for the 60-percent pov;er entrance condition 
and 250 feet for the 100-percent pov;er entrance condition. 

The iollo\^.'ing maxiinum displacements from the initial 
position of the airplane at the end of the 12-second 
interval were obtained ii'om the two assumed entrance power 
condi tions ; 

lo ■''aximumi gain in altitude - 

60-percent power, 970 feet 
100-percent power, 165O feet 
2. T^'axim.um loss in altitude - 

60-percent power, 2290 feet 
lOO-uercent power, Zc-i^O feet 
5. ^^aximumi lateral displacement - 

60-percent power, 26qO feet 
100-percent pov\^6r, 21^30 feet 
k. Maximum displacement parallel to original line of 
flight - 

60-percent power, I1550 feet 
100-percent power, 515O feet 
It should be remembered that the loci calculated 
represent the lim.iting positions of the airplane that would 
be obtained by flying the airplane at its structural and 
aerodynamic limits. The extent to which the extrem.e 
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boundaries of the loci v/ould be utilized v/ould depend to sorae 
extent on the skill of the pilots and primarily on the incen- 
tive involved. 



Lan^ley Nemorial Aeronautical Laboratory, 

National Advisory Oornmlttee for Aeronautics, 
Langley Field, Va. , June 8, 19i|5- 
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